The effect of statins on the prevention of cardiovascular events is well demonstrated. Whether this protective effect is equal for women and men remains less well established. Our objective was to evaluate if statin therapy is equally effective in decreasing recurrent cardiovascular events in women and men.
H
YPERCHOLESTEROLEMIA IS a major contributor to the incidence of cardiovascular disease, and interventions aimed at curbing the effect that dyslipidemia has on cardiovascular morbidity and mortality are of great importance. [1] [2] [3] For the last 20 years, statins have been used to lower serum cholesterol levels. The statin trials have predominantly enrolled men, and although women have been included at different proportions, there have been conflicting results on the benefits obtained in women with cardiovascular disease compared with men in secondary cardiovascular disease prevention. A recent guideline from the American Heart Association 4 recommended statin therapy to achieve the same low-density lipoprotein (LDL) goals in women as in men, although determining if a differential statin benefit exists for men and women was not the focus of the report.
One previous attempt to determine the benefit of statins in women stratified by primary vs secondary prevention found a benefit on coronary heart disease (CHD) but not on total mortality for secondary prevention, while there was no benefit on CHD or total mortality for primary prevention. 5 This meta-analysis did not compare the statin benefit in men vs women, and stroke was not included as an outcome. Recently, another meta-analysis found an overall similar benefit of statin therapy for men and women in both primary and secondary prevention. 6 However, this meta-analysis included trials without placebo control and trials in predominantly diabetic populations; and the stroke outcome was derived mainly from primary prevention trials, excluding important statin trials such as the Stroke Prevention by Aggressive Reduction in Cholesterol Levels Study (SPARCL) [7] [8] [9] [10] [11] [12] and the Myocardial Ischemia Reduction With Aggressive Cholesterol Lowering Study (MIRACL). [13] [14] [15] [16] [17] [18] [19] Our goal in the present metaanalysis was to evaluate whether statin therapy is more effective than placebo in preventing the recurrence of cardiovascular events and allcause mortality in men and women, and to determine the sex-specific effect of statins on the risk of recurrent cardiac and cerebrovascular events.
METHODS

ELIGIBILITY CRITERIA
Only trials focusing on secondary prevention were selected for detailed analysis. Previous cardiovascular disease was defined as prior myocardial infarction (MI), angina (stable or unstable), any cardiac intervention, any stroke or transient ischemic attack, peripheral arterial disease, or more than 3 cardiovascular risk factors. This last definition was thought to represent a very high risk of cardiovascular events similar to the risk seen in patients with cardiovascular events.
Only clinical trials were included and only if they met the following criteria: (1) random allocation to the groups (stratification and blocking were allowed); (2) double-blinding; (3) placebo-control; (4) follow-up of at least 16 weeks; (5) sample size of at least 100 total participants and (6) outcomes reported by sex in both active and control groups.
EXCLUSION CRITERIA
The following types of trials were excluded: (1) open-label trials; (2) observational trials; (3) trials conducted to evaluate secondary prevention in patients undergoing cardiac interventions; (4) trials designed to study secondary prevention in patients with kidney disease, congestive heart failure (ejection fraction below 30%), and/or aortic stenosis; (5) trials in which women were excluded; (6) trials without clinical events reported; and (7) trials to study primary prevention of cardiovascular events (including in patients with diabetes). The rationale underlying these exclusion criteria was to homogenize the included population as much as possible. 
INFORMATION SOURCES
STUDY SELECTION
The first screening was carried out by looking at the title and the abstract. If doubt existed, the citation was kept for further detailed screening. The second screening consisted of retrieving the full text or extended abstract from the remaining citations. One of us ( J.G.) independently classified the studies as appropriate for further review or not and extracted the data from each trial.
DATA COLLECTION PROCESS
The evaluated outcomes were any cardiovascular event (MI, coronary death, and/or stroke), all-cause mortality, coronary mortality, MI, cardiac interventions (coronary artery bypass graft and/or percutaneous coronary intervention), and/or stroke (fatal or nonfatal). For trials with no disclosure of event rates by sex but otherwise qualified for inclusion, the contact author was contacted for sex data if an e-mail address was provided in the article.
RISK OF BIAS IN INDIVIDUAL STUDIES
A good-quality study must have equal cardiovascular risk factor prevalence between sexes or no more than 1 unbalanced characteristic. In addition, no imbalance in antiplatelet agent use was allowed in good-quality trials. If 2 or more cardiovascular risk factors or antiplatelet agent use were significantly more common in men or women at baseline or at follow up, the study quality was rated as fair.
SYNTHESIS OF RESULTS
Fixed effects were used for all outcomes. Random effects were used secondarily to test robustness of results. 20, 21 Risk ratios were obtained comparing active vs control group rate of events. Risk ratios were obtained using the Mantel-Haenzel statistical method provided by the Review Manager (RevMan) computer program, version 5.0. (The Nordic Cochrane Center, the Cochrane Collaboration, 2008). Subgroup analysis was performed, stratifying only by sex. Interactions between sex and treatment arm were obtained for the outcomes where the stratified analysis did not show benefit for women. The Stata metaregression command was used for this analysis (StataCorp LP). Heterogeneity was tested only in sex subgroups, and it was quantified with Q test and I 2 . A 2-tailed ␣ value of 0.05 was used to determine statistical significance.
RISK OF BIAS ACROSS STUDIES
Funnel-plot visualization was used to assess publication bias in pooled outcomes with a minimum of 10 trials. 20 The adverse effects associated with statin therapy are probably less well characterized, but an effort was made to collect these data as well.
Sensitivity analysis was conducted by temporarily eliminating a trial, 1 by 1, and altogether if 2 or more trials were identified in the categories specified a priori. We considered a combined outcome to be sensitive to the trial(s) if (1) the risk ratio changed by 10% in either direction by subtracting the trial or trials and/or (2) if the statistical significance changed.
Sensitivity analyses were performed for trial subgroups based on the shortest follow-up, less similar qualifying events, greater confidence intervals, lowest LDL levels at baseline, highest LDL levels at baseline, older participants, lowest proportion of women, and solubility of statins. 22 
RESULTS
STUDY SELECTION
From the original 878 citations retrieved from PubMed, we excluded 609 citations. The most common reasons for exclusion were the lack of event rates by sex, open-label design, absence of placebo control, and primary prophylaxis (Figure 1) . Eleven authors and/or sponsors listed as contacts in the trial publication who disclosed e-mails were contacted for the trials that did not report sex rates in their publications, but only 1 (Fluvastatin on Risk Diminishment After Acute Myocardial Infarction [FLORIDA] trial 23 ) answered the request with the rates information (unpublished data, 2002).
STUDY CHARACTERISTICS AND RISK OF BIAS
Eleven trials were included in the final analysis (see eAppendix for a detailed description of each trial; http: //www.archinternmed.com). Most of the trials evaluated patients with a recent qualifying cardiovascular event (8 with only coronary disease as the qualifying event, 2 with cerebrovascular disease as an inclusion criterion). However, 1 trial, the Anglo-Scandinavian Cardiac Outcomes Trial-lipid-lowering arm (ASCOT-LLA), [24] [25] [26] [27] included patients with more than 3 risk factors for any of these outcomes. We included ASCOT-LLA trial in the analyses because of the expected very high risk of cardiovascular events in this predominantly nondiabetic population.
The follow-up ranged from 16 weeks (MIRACL [13] [14] [15] [16] [17] [18] [19] [24] [25] [26] [27] ). Five studies evaluated middle-dose statins; 1, lowdose; 3, high-dose; 2, escalated lowdose to middle-dose if LDL level was not at goal; and 1 escalated middledose to high dose if LDL level was not at goal ( Table 1 and Table 2 ).
RESULTS FROM INDIVIDUAL STUDIES
All studies showed efficacy of statins in reducing the rate of any cardiovascular events. Stratifying by sex, the results were less consistent for women than for men (Figure 2) . None of the individual trials reporting all-cause mortality reported statistically significant risk reduction in women taking statins (4S, 28, [39] [40] [41] [42] [43] [44] [45] [46] [47] LIPID, [28] [29] [30] [31] [32] [33] [34] [35] [36] and SPARCL [7] [8] [9] [10] [11] [12] ), while for men, 2 of 5 trials showed statistically significant rate reduction (LIPID [28] [29] [30] [31] [32] [33] [34] [35] [36] and 4S 28, [39] [40] [41] [42] [43] [44] [45] [46] [47] ) (Figure 3) .
Of the 3 studies reporting coronary mortality (4S, 28,39-47 CARE, 50 and LIPID [28] [29] [30] [31] [32] [33] [34] [35] [36] ), only CARE showed a significant risk reduction for women taking statins, while all 3 showed benefit in men (eFigure 1). In the prevention of any MI, the LIPID [28] [29] [30] [31] [32] [33] [34] [35] [36] trial provided most of the cases to both subgroups, and it showed a benefit for men but not for women treated with statins compared with placebo (eFigure 2). Only 1 of 6 trials showed a beneficial effect of statins for women in the prevention of recurrent stroke (MIRACL [13] [14] [15] [16] [17] [18] [19] ; followup, 16 weeks), and 2 point estimates were above 1 (LIPID [28] [29] [30] [31] [32] [33] [34] [35] [36] and PROSPER 48, 49 ) (Figure 4) .
SYNTHESIS OF RESULTS
The pooled sample size from the 11 trials was 43 191 participants; 20.6% were women ( Table 3) Table 3 ).
Statins were effective preventing recurrence of any stroke com- Of the 11 trials included in our analyses, only 3 studies were rated good quality, based on the balanced group characteristics at baseline. The largest studies were of fair quality (LIPID, [28] [29] [30] [31] [32] [33] [34] [35] [36] 48, 49 ), and in the remaining trials, the needed information to compare groups was not clearly disclosed.
LIPID PROFILE CHANGE
The pooling of mean differences in lipid profiles revealed very similar changes in lipid profiles for both sexes, which might argue against a differential response in the lipidlowering effects of statins for both sexes ( Table 4) .
ADVERSE EVENTS
LIPID 33 and SPARCL 7 investigators reported no differences in adverse events by sex. In the CARE trial, 50 women receiving pravastatin were found to have an increased incidence of breast cancer compared with women taking placebo, and PROSPER 48, 49 reported increased incidence of new cancer in the pravastatin group compared with the placebo group, but no sex-based rates were reported. The increased can- cer risk in the treatment arm has been explained as a result of chance and has not been reproduced in a statin meta-analysis performed by the PROSPER investigators. 49 The 4S, 41, 42 ASCOT-LLA, 27 MIRACL, 13 and Fluvastatin on Cardiac Events 52 trials did not find significant differences in adverse effects associated with statins, but no sex-based analysis was reported. PLAC-I 51 reported increased frequency of transaminase elevation in the pravastatin group, but none of the patients discontinued taking the study medication. No sexbased rates were provided. CCAIT 37 and FLORIDA 23 trials did not report adverse events among treated groups.
SENSITIVITY ANALYSIS
The RR estimates were not changed by removing the trials with the shortest follow-up (MIRACL [13] [14] [15] [16] [17] [18] [19] 48, 49 ) in the comparison of any stroke changed the RR by 10% (from 0.92 to 0.83). Whether this is secondary to the older population of PROSPER 48, 49 or the use of a hydrophilic statin is unknown. The removal of the other 3 trials using hydrophilic statins (LIPID, [28] [29] [30] [31] [32] [33] [34] [35] [36] CARE, 50 and PLAC-I 51 ) plus PROSPER 48, 49 brought down the stroke recur- rence RR in women by 13%. The point estimate for men did not change significantly.
Removing the trials with the lowest proportion of women changed the results significantly, particularly LIPID [28] [29] [30] [31] [32] [33] [34] [35] [36] and CARE. 50 Removing LIPID [28] [29] [30] [31] [32] [33] [34] [35] [36] increased the risk reduction for men by 0.08 (10%) because men in LIPID [28] [29] [30] [31] [32] [33] [34] [35] [36] had a higher rate of events than men in the other trials. For coronary mortality outcome, the suppression of CARE 50 made the statin effect in women similar to placebo. The suppression of LIPID [28] [29] [30] [31] [32] [33] [34] [35] [36] from the MI outcome increased the risk reduction in women by 38% but reduced it for men by 10%. The suppression of CARE 50 reduced the benefit in statins therapy in women by 14% making it similar to placebo for the prevention of MI in women. For the prevention of cardiac interventions, removing CARE 50 reduced the stains benefit in women by 15%; this effect was not seen in men.
COMMENT
In our results, statin therapy reduced the recurrence rate of any type of cardiovascular event, all-cause mortality, coronary death, any MI, cardiac intervention, and any stroke type. The stratification by sex showed no statistically significant risk reduction for women taking statins compared with women taking placebo for the reduction of all-cause mortality and any type of stroke. There was no statistical interaction in these 2 outcomes. In all-cause mortality and stroke, even though the point estimate for women was closer to the null value, the CI still overlapped that of the men. The benefit of statins remained significant for all outcomes in men. Heterogeneity was greater for men than for women in all outcomes except MI, mainly because some trials showed greater reduction in RR for men taking statins than others. However, overall, all the point estimates were below 0, showing consistent directions of the effect. The Heterogeneity: χ 2 = 51.21 (P < .001); I 2 = 59% Test for overall effect: z = 9.98 (P < .001) 21 Test for subgroup differences: χ 2 = 0.04 (P = .84); I 2 = 0% [28] [29] [30] [31] [32] [33] [34] [35] [36] ; M-H, Mantel-Haentzl test; MIRACL, Myocardial Ischemia Reduction With Aggressive Cholesterol Lowering study [13] [14] [15] [16] [17] [18] [19] ; PLAC-I, Pravastatin Limitation of Atherosclerosis in the Coronary Arteries trial 51 ; PROSPER, Prospective Study of Pravastatin in the Elderly at Risk 48, 49 ; SPARCL, Stroke Prevention by Aggressive Reduction in Cholesterol Levels Study [7] [8] [9] [10] [11] [12] ; 4S, Scandinavian Simvastatin Survival Study. Heterogeneity: χ 2 = 17.38 (P < .02); I 2 = 60% Test for overall effect: z = 4.90 (P < .001) 7 Test for subgroup differences: χ 2 = 2.01 (P = .16); I 2 = 50.3% Heterogeneity: χ 2 = 15.29 (P < .23); I 2 = 22% Test for overall effect: z = 3.31 (P < .001) 12 Test for subgroup differences: χ 2 = 1.23 (P = .27); I 2 = 18.8% only exception we found to this was SPARCL, [7] [8] [9] [10] [11] [12] in which men had no statistically significant benefit provided by statins in the prevention of all-cause mortality. The funnel plot was asymmetric in the only outcome fit for this test (any cardiovascular event). Whether this asymmetry represents a publication bias is less certain. The inclusion of small trials with somehow more pronounced effect size might be indicative of this type of bias, but the selection of a highly specific population in these small trials, where greater risk modification is expected, could be a valid alternative explanation for the lack of funnel plot symmetry. There is no evidence of significant loss to follow-up that could have biased the reported outcomes: the reported follow-up rate was relatively good in all trials.
The concomitant use of medications in groups is also of concern, especially when unequally distributed among men and women. The administration of antiplatelet agents seemed lower in 2 of the trials that provided a large amount of cases (ie, greater weight in the final risk ratio): LIPID [28] [29] [30] [31] [32] [33] [34] [35] [36] and CARE. 50 Women also had overall greater prevalence of hypertension and were older than men in most of the trials (LIPID, [28] [29] [30] [31] [32] [33] [34] [35] [36] PROSPER, 48, 49 37, 38 ), and these differences somehow conferred a somehow worse cardiovascular profile in studied women than in studied men. Although identifying the reasons for these differences was not the goal of the meta-analysis, these results add to the cumulative evidence that women are undertreated for cardiovascular disease. [53] [54] [55] [56] [57] The results of this metaanalysis also underscore the low rate of women being enrolled in cardiovascular prevention clinical trials. Through the sensitivity analysis, we found that lipophilic statins might be better for women than hydrophilic statins, particularly for stroke prevention. This hypothesis needs to be tested in proper trials powered for sex differences among treatment groups. The PROSPER trial 48, 49 suggests that statins might not work as well for old women as for old men. Therefore, age might be an important confounder in the evaluation of statin efficacy. As is already well known, women reach rates of cardiovascular disease similar to men but at an older age than men, almost a decade older. The number needed to treat was the inverse of the absolute risk reduction, and as is summarized in Table 3 , the combined absolute risk reduction in women was constantly lower than that in men. In this context, the number needed to treat with statins in women is expectedly higher compared with that of men in the same age group.
Other possible explanations for the differential effects of stains in women include the biological profile particular to women and different interactions between sexual hormones, statins, and endothelial function. [58] [59] [60] [61] [62] Although the lipid profile change noted in 4 of the trials analyzed did not show any difference in the lipid profile, particularly LDL level reduction between sexes, others have reported that women less often had LDL goals achieved while treated with statins. 63 An ideal trial to test the hypothesis that statins have a differential effect in women and men should be powered for sex subgroup analysis; it should aim high at equalizing cardiovascular risk factors and medical therapy variables at baseline and follow-up; and it should collect variables that can help understand the presumed difference in statin therapy response by sex such as hormonal levels, inflammatory markers, and markers of atherosclerosis such as coronary calcium level, carotid intima media thickness, and others.
LIMITATIONS
Our study is the result of a systematic review in only 1 database, which introduces bias. It is possible that many other trials were not reported in PubMed or in the journals indexed in this electronic database. Limiting the electronic search to manuscripts published in English introduced language bias. Only 1 person screened the trials and extracted the information, increasing the chances of missed trials and/or misclassification. Owing to the small number of trials included in this meta-analysis, formal testing of publication bias could be performed, and the funnel plot was useful for only 1 outcome. The heterogeneity of reports, the inclusion of at least 5 relatively small studies, and the lack of response of at least 9 qualifying trials make the results of this metaanalysis less conclusive, and the lack of statistical significance in some outcomes might be secondary to these problems.
A major limitation of the conclusion is that women represented only 20% of the population studied. It is likely that the pooled sample was underpowered for women. Since the direction of the statin therapy effects was toward the reduction of event rates in both sexes, the lack of significance could have been related to the small sample size of the comparisons. Overall, the population studied was obtained from hospitalbased samples or clinics with no random sampling performed, which raises concerns when applying these results to other populations or groups not included in the trials. Most of the trials were sponsored by the pharmaceutical manufacturers that produced the tested drugs at the time of the trials. The conflict of interest for reporting positive results is latent, although independent statistical analysis, restriction to the cumulative data set, and the expected ethical behavior of researchers offers some reassurance against the reporting bias.
CONCLUSIONS
Statins are effective for the prevention of cardiovascular events for both men and women. Women represented only a fifth of the studied sample, limiting the strength of our conclusions. In our results, the benefit associated with statin administration in women did not reach statistical significance compared with placebo in at least 2 outcomes, allcauses mortality and any stroke type. The reason for this difference is uncertain. One possibility is that the small sample size of women limits the power of the study. In addition, it is possible that the worse cardiovascular profile of women enrolled in studies as well as the lower proportion of antiplatelet agent use could account for some of these differences. Although biological differences need to be further elucidated and are likely to exist, sex-specific disparities in health care and in biomedical research, particularly in cardiovascular health, need to be addressed from a public health perspective by promoting equal access to health care that includes timely screening, diagnoses, and treatment of cardiovascular risk factors and disease.
This meta-analysis supports the use of statins in women for the secondary prevention of cardiovascular events. It also underscores differences in the benefit obtained from statins in women compared with men. These differences are likely secondary to the small proportion of women included in the trials and a worse cardiovascular health status in these same women. Increased awareness of this disparity is needed, and public policies addressing sexspecific differences in cardiovascular health are encouraged. Online-Only Material: The eAppendix, eReferences, and eFigures a r e a v a i l a b l e a t h t t p : / / w w w .archinternmed.com.
